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Abstract 
In this paper strategy combining both high passivation quality on n+ surface depleted emitter and P and B dopant 
source availability for further laser doping process from SiN:P and SiN:B layers is investigated. Passivation 
improvement is demonstrating by adding SiO2 based interfacial layer between n+ emitter and doped SiNx layer. 
Moreover efficient Excimer laser P and B doping is highlighted even through additional passivation layers. Surface 
concentration, profile shape and depth of both p+ and n+ doped regions could be tuned by using SiN:P or SiN:B 
layers, SiO2 interfacial layer type and laser fluence conditions. It is highlighted fluence ranges where the initial 
emitter can be fully compensated or over-compensated. Such processes could be helpful to simplify the complex 
fabrication of photovoltaic structures like IBC solar cells.  
 
 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of the scientific 
committee of the SiliconPV 2012 conference 
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1. Introduction 
Doped regions of high efficiency silicon (Si) solar cells are designed for reducing surface dopant 
concentration to limit surface recombination after passivation with high quality oxide passivation [1,2] 
while global doping levels should be kept high enough to induce high built-in voltage (Vbi) and in turn 
high Voc [3]. Deep profiles with low surface concentration often require long furnace annealing processes 
under limit dopant source condition to induce in-depth profiles redistribution. With non-optimized 
parameters, such high temperature processes could be harmful for the bulk quality of conventional p-type 
Cz silicon wafers because of Boron-Oxygen complex formation [4] or impurity diffusion. A thermal 
budget compromise should be found between the process condition to limit the bulk degradation and 
optimize the doped regions in surface and depth versus their role in the structure. On the other hand, most 
of the high efficiency solar cell architectures require localized doping on the front and/or on the back side 
of the substrate. As non exhaustive examples, Selective Emitters structure enables the optimization of the 
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emitter properties between and under the metal lines [5]. The Passivated Emitter and Rear Locally 
Diffused (PERC) structure requires selective boron doping on back side to form localized B-BSF [1] and 
the Interdigitated Back Contact Cell (IBC) needs adjacent and isolated n+ and p+ doped regions with 
adapted properties [2]. In the past, interdigitated architectures were achieved by several complex 
technological steps like photolithography, chemical etching, furnace annealing etc… Nevertheless process 
simplification and cost reduction has been demonstrated in the recent year thanks to the laser technology. 
Fast and accurate laser irradiation of spin on, sputtered or PECVD deposited dopant sources on silicon 
allow to perform P or B localized doping in specific laser parameters ranges. These sources acting 
generally only as dopant reservoir are targeted to be removed after the doping step before deposition or 
growth of a dielectric passivation layer.  
This paper first investigated passivation properties of symmetric SiNx/SiO2/n+/p structures where the 
SiNx layer is doped with either Phosphorous (SiN:P) or Boron (SiN:B). The intermediate SiO2 layer aims 
at improving the passivation level of the n+ emitter. Then Excimer laser doping process using doped SiNx 
layers as dopant source is evaluated for over-diffusion or compensation of initial n+ emitter. Finally the 
interfacial SiO2 layer influence is correlated to dopant profiles changes in surface concentration and 
depth. 
2. Experimental 
p-type 14-22 Ω.cm Cz shiny-etched substrates with a thickness of 300 μm were used. First, a 40 Ω/□ 
n+ emitter is realized by POCl3 furnace diffusion followed by surface chemical etching to remove the 
highly concentrated “dead zone” layer and increase emitter sheet resistance (Rsheet) to 170 Ω/□. Some 
samples were both sides covered with 70 nm PECVD SiN:P or SiN:B layers while others were submitted 
to thermal SiO2 growth before deposition of the doped SiNx layer. Detailed deposition process condition 
can be founded in ref [6]). Two SiO2 layers were evaluated as passivation layer: 5 nm SiO2 grown from 
O2 at 900°C (passiv1) and 15 nm SiO2 grown from O2 and H2 at 700°C (passiv2). Effective carrier 
lifetimes were then measured using the quasi-steady-state photoconductance (QssPC) technique before 
and after rapid thermal annealing (RTA) at typical temperatures to simulate the firing step. Emitters J0e 
were calculated at high injection level as proposed by Cuevas & Sinton [7,8]. In parallel similar samples 
were subsequently laser-irradiated with a pulsed XeCl excimer laser, with a wavelength of 308 nm and a 
pulse duration of 150 ns, suitable for large area annealing (≥ 200 mm²/shot) with excellent uniformity (± 2 
%) thanks to a top-hat beam profile. Doping process was evaluated through 4-probes sheet resistance 
measurements and phosphorous profiling by Secondary Ion Mass Spectroscopy (SIMS). 
 
 
 
Fig. 1. Sequence of experimental steps and various structures investigated  
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3. Results and Discussion 
3.1. Passivation properties of SiN:P/SiO2 and SiN:B/SiO2 stacks 
We compared the Voc,implied and J0e values of the initial n+ emitter, either directly passivated with an 
SiN:P or SiN:B layers or with passiv1 or passiv2 SiO2-based layer in between. Fig 2.a shows a Voc,implied 
degradation when passiv1 is grown on emitter before SiN:P deposition while similar passivation is 
achieved with passiv2 layer. On the other hand structures show lower J0e when the intermediate SiO2 layer 
(either passiv1 or passiv2) is grown on Si surface before SiN:P deposition. After RTA (Tfiring = 840°C), 
samples covered directly with SiN:P present altered Voc,implied but slight J0e improvement. Nevertheless 
passiv1 layer provides the best passivation quality after RTA with J0e closed to 60 fA/cm² and Voc,implied 
values above 670 mV. SiN:B layer directly deposited on emitter (Fig. 2.b) leads to lower Voc,implied and 
higher J0e before RTA as compared with SiN:P layer. Moreover J0e increases after RTA contrary to the 
SiN:P layer. Passivation quality of SiN:B could be significantly improved by capping the emitter with 
passiv1 layer, as demonstrated by high Voc,implied value (above 670 mV) and low J0e value (closed to 70 
fA/cm²). 
Degradation of J0e of n+ emitter when boron atoms are present in the SiNx material before annealing 
has already been reported [6]. Phosphorous atoms seem to have more beneficial effect on passivation 
level than Boron but internal mechanisms driving passivation quality when P and B are present in the 
dielectric layer are not yet understood. One hypothesis could reside on the opposite electrical type of 
dopants atoms which can affect the natural charge effect of the PECVD SiNx material. Nevertheless this 
study concludes that passivation quality could be significantly improved by adding a thermal dry SiO2 
layer (passiv1) between emitter and both types of dopant layer.   
 
 
Fig. 2. Implied Voc (measured at 1SUN) and J0e (measured at 8E14 free carriers injection level) values of a) SiN:P/n+, 
SiN:P/passiv1/n+ and SiN:P/passiv2/n+ symmetric structures and b) SiN:B/n+, SiN:B/passiv1/n+ and SiN:B/passiv2/n+ structures 
 
3.2. Laser doping from SiN:P and  through SiO2 layers 
Laser doping from SiN:P layer through SiO2 passivation layers was investigated. Laser induced silicon 
melting time was measured at each fluence, as shown on Fig. 3. As compared with bare silicon surface, 
dielectric layer or stack on top induces longer melting time, highlighting deeper melting region. This 
could be explained by antireflective effect at the laser wavelength of the dielectric stack and in turn higher 
energy absorbed in the silicon substrate. For the same reason, melting threshold appears at lower energy 
density with the passivated sample and only slight changes are seen versus dielectric type. 
As shown on Fig. 4, the samples with interfacial passivation layer between silicon and doping layer 
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follow same behaviours as the SiN:P on bare Si case at low fluence. Sheet resistances decrease slowly 
from initial emitter value to 140 Ω/□ around 2.5 J/cm². On the other hand Rsheet curves differ from 
reference at higher fluence. In the case of SiN:P/passiv1/n+, Rsheet stabilizes around 130 Ω/□ while 80 Ω/□ 
is reached with SiN:P/passiv2/n+ stack. These observations highlight additional doping of the initial 
emitter from SiN:P layer even with the presence of interfacial SiO2 passivation. However Rsheet as low as 
60 Ω/□ with SiN:P only is not reached, demonstrating that both passiv1 and passiv2 layers act as partial 
diffusion barrier for additional doping. 
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0
0
200
400
600
800
1000
1200
1400
Fluence [J/cm²]
 
 
M
el
tin
g 
tim
e 
[n
s]
 Bare Si 
 SiN:P
 SiN:P/passiv1
 SiN:P/passiv2
 
 
Fig. 3. Melting time versus laser fluence on bare Si and on 
dielectric stacks 
Fig. 4. Sheet resistance evolution after irradiation of SiN:P, 
SiN:P/passiv1 and SiN:P/passiv2 deposited on n+ emitter 
 
Phosphorous profiles evolution after doping through passiv1 and passiv2 layers was investigated. 
When laser fluence is closed to 1.5 J/cm² (Fig 5), Phosphorous profiles after irradiation through both 
passivation layers differ in depth and in shape from the SiN:P case despite similar Rsheet. As an example 
deeper profile is measured with passiv1 although fluence is 0.15 J/cm² lower than the reference. This is in 
agreement with the measured TRR signals. Also the profiles with interfacial layers present more straight 
shape than the SiN:P case. At higher fluence (around 3.8 J/cm²), profiles presented on Fig. 6 are deeper 
but show similar behaviour except for surface concentration. From 7E19 at/cm3 with SiN:P only, 
concentration decreases to 3E19 at/cm3 with passiv2 and below 2E19 at/cm3 with the intermediate 
passivation layer passiv1. Lower surface concentrations resulting with interfacial SiO2 layer existence 
correlate with higher sheet resistances.  
  
Fig. 5. SIMS profiles after irradiation of SiN:P, 
SiN:P/passiv1 and SiN:P/passiv2 at low fluence 
Fig. 6. SIMS profiles after irradiation of SiN:P, 
SiN:P/passiv1 and SiN:P/passiv2 at high fluence 
 
3.3. Laser doping from SiN:B and  through SiO2 layers 
Finally, laser doping from SiN:B layer with interfacial passiv1 or passiv2 layers deposited on initial 
n+ emitter was investigated. When SiN:B is directly deposited on n+ emitter, an up-and-down behaviour 
of the Rsheet is observed when fluence increases (Fig. 7). This is explained by partial then complete 
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compensation of n+ emitter with boron followed by over-compensation leading to p+ doped region at 
high fluence. A detailed analysis presented in ref [9] focused on the case of SiN:B only deposited on n+ 
emitter. With passiv2 layer between the Boron doping source and the silicon substrate, Rsheet stays 
almost constant up to 3.3 J/cm² then increases until 400 Ω/□ at 3.7 J/cm². This point measured several 
times has been confirmed not to be an artefact. It is a part of the increasing Rsheet behaviour due to over 
compensation of initial n+ emitter by boron doping. Nevertheless the compensation threshold where [P] 
~ [B] observed around 3.2 J/cm² in the case of SiN:B alone is shifted towards higher fluences with 
passiv2 because of the different coupling of the laser energy with the dielectric stack. A similar analysis 
could be done with passiv1 with a compensation threshold around 6.0 J/cm².  
 
Fig.7. SIMS profiles after irradiation of SiN:B, SiN:B/passiv1 and SiN:B/passiv2 at low fluence 
 Typical Phosphorous and Boron SIMS profiles presented on Figure 8 confirm the strong influence of  
passivation layers on both B diffusion from SiN:B layer and redistribution of initial n+ emitter.  At 3.3 
J/cm², the n+ emitter has been deeper redistributed with SiN:B/passiv1 stack (b) than with only SiN:B 
layer (a). Similar trend is shown with SiN:B/passiv2 at 3.7 J/cm² (c). Deeper P profiles could be 
explained by more efficient energy coupling effect with interfacial layer. On the other hand, Boron 
profile is 1E20 at/cm3 surface concentrated surface with 0.4μm depth (measured at 1E17 at/cm3) for 
SiN:B alone (a) while surface concentration reaches 5E20 at/cm3 and 0.05 μm depth with passiv1 (b) and 
5E19 at/cm3 surface concentration and 0.6 μm depth with passiv2 (c). At 6.0 J/cm², Boron profiles are 
highly surface concentrated (above 1E20 at/cm3) and deeper than 1 μm with SiN:B alone (d) and 
SiN:B/passiv2 (f). Also are seen Boron local surface minimum for these two cases. On the other hand, 
the Boron profile with passiv1 (e) is characterized by a low surface concentration (7E18 at/cm3) with 
only 0.65 μm depth. When focusing on compensated condition, i.e. when the Rsheet present a strong 
increase, it appears that different P and B profile couples could lead to emitter compensation state. Table 
1 resumes P and B surface concentrations and profile depths measured for the three compensated 
conditions. Rsheet maximum is seen at 3.3, 3.7 and 6.0 J/cm² with SiN:B, SiN:B/passiv1 and 
SiN:B/passiv2, respectively. Even if P profiles show almost similar properties for all cases, B profiles 
strongly differ versus passivation layers. Shallow profile with high concentrated surface is measured for 
SiN:B while deep profile and low surface concentration is seen with passiv1. Intermediary profile is 
seen with passiv2. The Rsheet increase traduces annihilation of electrically active atoms of initial emitter 
by Boron atoms diffused from the SiN:B dopant source. In other word, the material trends toward an 
electrically isolated state when [B] equals [P]. In the present cases, it could be expected that active 
profiles differ from full profiles. Electro-Chemical Voltage (ECV) measurements are on-going to 
estimate active/non active dopant atoms ratio. 
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Fig. 8. Phosphorous and Boron SIMS profiles after irradiation of SiN:B/n+, SiN:B/passiv1/n+ and SiN:B/passiv2/n+ 
Table 1. P and B surface concentrations and profile depths for compensated initial emitter for SiN:B, SiN:B/passiv1 and 
SiN:B/passiv2 
 
4. Conclusion and further work  
In this paper passivation level of surface depleted n+ emitter with SiN:P and SiN:B layers was 
investigated. With the objective of improving the passivation quality, we succeeded by adding SiO2 
based interfacial layer between the substrate and the doped layer. Moreover, effective laser doping 
occurs from both SiN:P and SiN:B through passivation layer to form n+ and p+ doped areas with 
controlled surface concentration and depth. Specific fluence ranges are highlighted to compensate the 
initial n+ emitter by diffusing Boron atoms with similar electrically active concentration than 
Phosphorous. Active profile measurements are on-going to further understanding electrical contributions 
of both dopant atoms type. In solar cell integration scheme, these processes could be used to realized 
localized p+ or n+ doped regions with tuned dopant profiles while keeping good passivation quality of 
the non-irradiated surface. Especially it could be useful to realize adjacent p+ and n+ regions isolated by 
highly resistive material as used in IBC solar cells.  
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